A total of 10 steroidal glycosides, together with three new spirostanol glycosides (6-8), a new furostanol glycoside (9), and a new cholestane glycoside (10), were isolated from the rhizomes of Clintonia udensis (Liliaceae). The structures of the new compounds were determined on the basis of extensive spectroscopic analyses, including 2-D nuclear magnetic resonance (NMR) data, and of hydrolytic cleavage followed by chromatographic or spectroscopic analyses. The isolated glycosides were evaluated for their cytotoxic activity against HL-60 leukemia cells. Spirostanol glycosides 1 and 2, and furostanol glycoside 4 showed cytotoxic activity with IC 50 values of 3:2 AE 0:02, 2:2 AE 0:12, and 2:2 AE 0:06 g/ml, respectively. Neither the spirostanol and furostanol saponins with a hydroxy group at C-1 (6 and 9) and C-12 (7 and 8) nor cholestane glycosides (5 and 10) exhibited apparent cytotoxic activity at a sample concentration of 10 g/ml.
Chemical investigations on plants belonging to the family Liliaceae, with particular attention paid to their steroidal glycoside constituents, have been attractive for a source of natural products, because a variety of biological activities such as antidiabetic, antitumor, antitussive and platelet aggregation inhibition have been reported for some of the steroidal glycosides from Liliaceae plants. 1) Clintonia udensis Trautv. et C. A. Mey. is a perennial plant belonging to the family Liliaceae and is distributed throughout northeast China, the Korean Peninsula, and Japan. An extract of the rhizomes of C. udensis has long been used in traditional Chinese medicine for the treatment of blow and fatigue.
2) A literature survey concerning the secondary metabolites of C. udensis shows that it has been suggested to contain a such steroidal sapogenins as diosgenin and heloniogenin, 3, 4) although no systematic chemical work has been carried out on the plant. The present investigation on the steroidal glycoside constituents of the rhizomes of C. udensis resulted in the isolation of a total of 10 steroidal glycosides (1-10), including three new spirostanol glycosides (6) (7) (8) , a new furostanol glycoside (9) , and a new cholestane glycoside (10) . This paper reports the structural determination of the new compounds on the basis of extensive spectroscopic analyses, including two-dimensional (2-D) NMR, and some chemical transformations. In addition, the cytotoxic activity of the isolated glycosides is briefly discussed.
The MeOH extract of C. udensis rhizomes was passed through a porous-polymer polystyrene resin (Diaion HP-20) column, and the MeOH-eluted fraction was subjected to column chromatography, using silica gel and octadecylsilanized (ODS) silica gel, and to reversephase preparative HPLC, giving compounds 1-10. 5) and
Compound 6 was obtained as an amorphous solid y To whom correspondence should be addressed. Fax: +81-42-676-4579; E-mail: mimakiy@ps.toyaku.ac.jp Abbreviations: DEPT, distortionless enhancement by polarization transfer; FBS, fetal bovine serum; DMSO, dimethyl sulfoxide; HMBC, heteronuclear multiple-bond connectivity; HPLC, high-performance liquid chromatography; HR-ESI-TOF-MS, high-resolution-electrospray ionization-time of flight-mass spectrometry; IC 50 , 50% inhibition concentration; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide; NMR, nuclear magnetic resonance; NOE, nuclear Overhauser effect; NOESY, nuclear Overhauser effect correlation spectroscopy; PBS, phosphate-buffered saline with a molecular formula of The signal of the H-3 hydroxymethine proton was observed at 3.98 (m) with a W 1=2 value of 24.7 Hz, whereas that of H-1 appeared at 3.85 (dd) with the spin-coupling constants of 2.8 and 2.7 Hz in the 1 H-NMR spectrum of 6a, indicating that 6a was a stereoisomer of ruscogenin with regard to the C-1 hydroxy group. 10) Although sapogenin 6a has been chemically synthesized from ruscogenin, 11) it has not been isolated as a natural product. The results of acid hydrolysis and the NMR data suggest that the sugar moieties of 6 were composed of two -L-rhamnopyranosyl units (Rha and Rha 0 ) and one -D-glucopyranosyl unit (Glc), their sequences being the same as those of 1. The anomeric configuration of the Glc moiety was ascertained to be from the relatively large J value of the anomeric proton (7.9 Hz), and those of the Rha and Rha 0 units to be on the basis of their 13 C-NMR shifts. 12) The confirmative evidence for the sugar sequences of 6 was obtained from the HMBC correlations between H-1 of Rha at 6.39 and C-2 of Glc at 77.7, H-1 of Rha 0 at 5.87 and C-4 of Glc at 78.4, and between H-1 of Glc at 4.96 and C-3 of the aglycone at 73.6. Accordingly, the structure of 6 was formulated as (
Compound 7 was found to have a molecular formula of C 45 H 72 O 17 from its HR-ESI-TOF-MS and 13 C-NMR spectral data. were compared with those of (25R)-spirost-5-en-3-ol (diosgenin), 12 ) the signals assignable to the H 2 -12 and C-12 methylene protons and carbon were displaced by a hydroxylmethine proton at 4.01 (br s, W 1=2 ¼ 12:5 Hz, H-12) and carbon at 71.5 (C-12). Furthermore, an NOE correlation was observed between H-12 and Me-18 in the NOESY spectrum of 7a. These data allowed the structure of 7a to be assigned as (25R)-spirost-5-ene-3,12-diol (heloniogenin). 13) In the HMBC spectrum of 7, long-range correlations were detected between H-1 of Rha at 6.39 and C-2 of Glc at 77.8, H-1 of Rha 0 at 5.85 and C-4 of Glc at 78.7, and between H-1 of Glc at 4.92 and C-3 of the aglycone at 78.1. All of these data are consistent with the structure, (25R)-12- . These 1 H-NMR data, together with an acetalic carbon signal at 112.6 in the 13 C-NMR spectrum and a positive color reaction in Ehrlich's test, indicated 9 to be a furostanol saponin with four 14) As is usual with naturally occurring furostanol glycosides, one glucosyl group was confirmed to be linked to the C-26 hydroxy group of the aglycone by HMBC correlation of the H-1 proton at 4.85 (Glc 0 ) with C-26 of the aglycone at 75.2. The structure of 9 was therefore elucidated as (
Compound 10 (C 51 H 82 O 23 ) seemed to be a bisdesmosidic cholestane tetraglycoside whose structure was closely related to that of known compound 5 on the basis of its spectroscopic data. However, the molecular formula of 10 was higher by one oxygen atom than that of 5, and treatment of 10 with Ac 2 O in pyridine produced the corresponding tridecaacetate (10a), indicating that 10 had a free hydroxy group in the aglycone moiety as well as a triglycosyloxy group at C-3, two carbonyl groups at C-16 and C-22, and a glucosyloxy group at C-26. The 1 H-and 13 C-NMR signals arising from the hydroxymethine group were observed at H 4.17 (br s, W 1=2 ¼ 7:1 Hz) and C 70.6 (CH). HMBC correlation was detected between C 70.6 and H 0.83, assignable to Me-18, and NOE correlation was observed between 4.17 and 0.83, also assignable to Me-18. These data gave evidence for the locus of the hydroxy group at C-12. A comparison of the 13 C-NMR spectrum of 10 with that of 5 showed that the signals for C-9 and C-14 were shifted upfield by 5.7 and 8.4 ppm, respectively, due to the -gauche effects 15) of the C-12 axial hydroxy group. Thus, the structure of 10 was shown to be (
Isolated compounds 1-10 were evaluated for their cytotoxic activity against HL-60 leukemia cells. Spirostanol saponins 1 and 2, and furostanol saponin 4 showed cytotoxic activity with IC 50 values of 3:2 AE 0:02, 2:2 AE 0:12, and 2:2 AE 0:06 mg/ml, respectively, when etoposide used as a positive control had an IC 50 value of 0:31 AE 0:02 mg/ml. Neither the spirostanol and furostanol saponins with a hydroxy group at C-1 (6 and 9) and C-12 (7 and 8) nor the cholestane glycosides (5 and 10) exhibited apparent cytotoxic activity at a sample concentration of 10 mg/ml. The inactivity of the molecular structures of 6, 7, 8 and 9 suggested that the presence of an axial-oriented hydroxy group in the aglycone reduced the activity. Compound 2 with the triglycoside sequence of Glc-(1!4)-[Rha-(1!2)]-Glc was moderately cytotoxic to HL-60 cells, whereas compound 3, the structural isomer of 2, having the triglycoside of Glc-(1!6)-[Rha-(1!2)]-Glc, which was only different from that of 2 in the linkage position of the terminal glucosyl group, did not show cytotoxic activity. These results implied that not only the structures of the aglycone moiety but also the sugar sequences in the steroidal glycosides considerably contributed to the appearance of cytotoxicity.
Experimental
General information. Optical rotation data were measured with a DIP-360 (Jasco, Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded with a Jasco FT-IR 620 spectrophotometer. NMR spectra (500 MHz for 1 H-NMR) were recorded with a DRX-500 spectrophotometer Bruker, Karlsruhe, Germany), using standard Bruker pulse programs. Chemical shifts are given as values with reference to tetramethylsilane (TMS) as an internal standard. HR-ESI-TOF-MS data were obtained with an LCT mass spectrometer (Micromass, Manchester, UK). Diaion HP-20 (Mitsubishi-Chemical, Tokyo, Japan), BW-300 silica gel (Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm thick, Merck, Darmstadt, Germany) and RP 18 F 254 S plates (0.25 mm thick, Merck), and the spots were visualized by spraying the plates with 10% H 2 SO 4 and then heating. HPLC was performed with a system composed of a CCPM pump (Tosoh, Tokyo, Japan), a CCP PX-8010 controller (Tosoh), RI-8010 (Tosoh) and Shodex OR-2 (Showa-Denko, Tokyo, Japan) detectors, and a Rheodyne injection port. A TSK gel ODS-100Z column (10.0 mm i.d. Â 250 mm, 5 mm, Tosoh) was employed for preparative HPLC. The following materials and reagents were used for cell culture and the assay of cytotoxic activity: Spectra Classic microplate reader (Tecan, Salzburg, Austria); 96-well flat-bottom plate (Iwaki Glass, Chiba, Japan); JCRB 0085 HL-60 cells (Human Science Research Resources Bank, Osaka, Japan); FBS (Bio-Whittaker, Walkersville, MD, USA); RPMI 1640 medium, etoposide and MTT (Sigma, St. Louis, MO, USA); and penicillin G and streptomycin sulfate (Meiji-Seika, Tokyo, Japan). All other chemicals used were of biochemical reagent grade.
Plant material. The rhizomes of C. udensis were collected from Yunnan Province, People's Republic of China, in October 1999. The plant was identified by Dr. Yutaka Sashida, emeritus professor of Tokyo University of Pharmacy and Life Sciences. A voucher specimen has been deposited in our laboratory (voucher no. 99-10-011-CU).
Extraction and isolation. The rhizomes of C. udensis Table 3 for signals for the sugar moiety;
13 C-NMR, see Tables 1 and 2 . Acid hydrolysis of 7. A solution of 7 (5.0 mg) was subjected to acid hydrolysis as described for 6 to give 7a (2.3 mg) and a sugar fraction (3.4 mg). HPLC analysis of the sugar fraction under the same conditions as those used for 6 showed the presence of L-rhamnose and D-glucose. H 2 O (1:1) was added into the control wells. The cells were further incubated for 72 h in the presence of each agent, and then the cell growth was evaluated by a modified MTT reduction assay. 16) Briefly, after terminating the cell culture, 10 ml of 5 mg/ml of MTT in PBS was added to every well, and the plate was reincubated in 5% CO 2 /air for 4 h at 37 C. The plate was then centrifuged at 1500 g for 5 min to precipitate the cells and MTT formazan. An aliquot of 150 ml of the supernatant was removed from each well, and 175 ml of DMSO was added to dissolve the MTT formazan crystals. The plate was mixed on a microshaker for 10 min, and then read on a microplate reader at 550 nm.
